To determine if CbpA served as a functional bacterial ligand for hpIgR, adherence and invasion were quantithe N-terminal majority of the protein bearing the cell binding activity (Rosenow et al., 1997) . Recombinant tated using S. pneumoniae R6x and an isogenic CbpA mutant. Compared with the R6x parent strain, the CbpA CbpA1 coupled covalently to agarose matrices was used to purify CbpA binding protein(s) from human nasomutant substantially lost its ability to adhere to Detroit cells ( Figure 2A ). The R6x bacteria were capable of entry pharyngeal cells (Detroit-562 cell line). Detroit cells were surface-labeled with biotin and detergent-soluble prointo the Detroit cells ( Figures 2B and 2C ). In contrast, the CbpA mutant retained less than 10% of the invasion teins were run through a CbpA1 affinity column. The bound proteins were eluted at pH 2.5 and subjected capability shown by its parent strain ( Figure 2C ), confirming that CbpA is a significant ligand for pneumococto SDS-PAGE electrophoresis, and biotinylated human proteins were detected through the binding of streptavical adherence and invasion. Treating R6x with an antibody against CbpA1 ( Figure 1A ) almost completely din-peroxidase conjugates. As shown in Figure 1C (left), this procedure revealed two bound proteins with molecblocked bacterial adherence (not shown) and invasion ( Figure 2C ). ular sizes of 100 and 120 kDa that both strongly reacted 
CbpA-Coated Beads Are Able to Enter the Cells Expressing hpIgR
To assess whether CbpA was sufficient to mediate bacterial adherence and invasion, inert latex beads were coated with CbpA1. CbpA1-coated beads were allowed to interact with cells in a fashion similar to that of intact bacteria. While latex beads coated with bovine serum albumin (BSA) were only occasionally associated with the apical surface of cells (data not shown), the CbpA1-coated particles were attached ( Figure 4A ) and internalized into Detroit cells ( Figure 4B ). The attachment of CbpA1-coated beads to Detroit cells depended on protein concentration of CbpA1 but not BSA as assessed by fluorescence microscopy ( Figure 4C ). The CbpA1-coated beads were also internalized into the hpIgR- Figure 5A ). Since the recombinant form of the was further confirmed by using antibodies against hpIgR C-terminal choline binding domain was insoluble, we or CbpA ( Figure 3C ). Taken together, these data demonwere unable to assess its role in hpIgR binding activity. strated that specific interaction between pneumococcal To determine whether CbpA could bind to the rabbit CbpA and hpIgR promotes bacterial adherence and inpIgR, the CbpA1-coated beads were incubated with cell extracts prepared with the rpIgR transfectant (clone A4) vasion. tant, respectively, three hours after antibiotic killing (Figure 7B) . Similarly, the antiserum against hpIgR significantly blocked the R6x transmigration across the Detroit infection. Analysis of nasal lavages showed a significant decrease of nasopharyngeal colonization in pIgR KO mice as compared with the wild-type controls at both time points ( Figure 7C ). Our attempt to determine the levels of bacterial invasion in pIgR KO mice failed, because the parental C57Bl/6J mice exhibited very high resistance to pneumococcal bacteremia. An alternative approach was developed using 129/SvJ mice lacking a protein tyrosine kinase of the SRC family, p62 yes (Stein et al., 1994) . p62 yes is required in polymeric IgA transcytosis in vivo (Luton et al., 1999) and thus, the KO mice are functionally pIgR null. p62 yes KO mice were infected intranasally and bacterial invasion was assessed by collecting blood samples at 12, 28, and 48 hr post infection. As shown in Figure 7D , while no pneumococci were detected in blood at the 12 hr time point, the bacteria were present in almost all mice in both groups 28 hr after intranasal inoculation. However, the levels of bacteremia in p62 yes KO mice were significantly lower than those in control ., 1994 ). In the meantime, blood samples of the mice (20 l) were collected, diluted in PBS, and grown on 12 mm diameter glass coverslips for scanning electron microscopy or on 10 cm diameter tissue culture dishes (Nunc) for spread on TSA blood plates to determine CFU. transmission electron microscopy. Protein-coated beads were washed three times in PBS and resuspended in culture medium to Microscopy a final concentration of 10 7 beads/ml. The beads were incubated To visualize bacterial adherence to epithelial cells by light microswith cells on coverslips (1 ml per coverslip) or dishes (10 ml per copy, cells were cultured to 50% confluence on Lab-Tek II twodish) at 37ЊC for 1 hr in 5% CO 2 . The cells were washed four times chamber slides (Nalge Nunc International, Naperville, IL). Monowith PBS to remove unbound beads. Attachment and internalization layers were infected with 2 ϫ 10 7 bacteria in 1 ml of cell culture of the beads were visualized by scanning and transmission electron medium for 1 hr at 37ЊC. After washing with PBS, the monolayers microscopy methods as previously described (Molinari et al., 1997).
were stained with Diff-Quick (Dade Behring Inc., Newark, DE). To visualize invaded bacteria and CbpA1-coated beads by transmission electron microscopy, cell monolayers were cultured to 80% Precipitation of SC or hpIgR by CbpA-Coated Beads Binding of hpIgR or free SC to CbpA was assessed by an immunoconfluence in 100 ϫ 20 mm culture dishes and infected with 10 8 mid-log phase bacteria or 10 8 of the coated beads as above. After precipitation-like method (Sambrook et al., 1989) 
